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^ /fTFLD OF THEWVENTIQN . 
, leptin, . cy,o*ne ,odueed * — ~ 

" vaH ety of cells and *~ More partly, .his invent relates .. novel app„ca„o„s 
leptin in the field of oncology. 

/yi^no Pt al 1994) and was shown to affect botn 
positional cloning of .he munne oi gene (Zhang e. al., 199 
food intake and thermogenesis (Campfield e, a,., .995; Colhns e, al, .996. Halaas 
"leyn— , *. ,»* W*. - a,.. ,995,. H* a«„ M^-- 

receptor (OB-R) (Tartaglia e. a,., ,995). The Known ac.ivi.ies of lepun are med,a,ed hrough 
. Z Ip L in he hypo.ha.amus. Leptin recep.ors are expressed, none.he.ess, .n 

i 19 95>. —ore, a differed repertoire of ,ep.in recep.or-sphce — ^ ' 
' cv.o pasmic domain, is expressed in a .issue-spec* manner in ,he mouse (Lee e. W 
2 „ He, in addition ,o contro, of food in* and body heat, ,ep,,n may exer, other 

m : J Jieveis of ,ep.in in ,he serum was in contrast »,h the notion 
.educes food in* and body weigh, (Considine e, al . ,996; Fredench e, a,., ,995, Lonnqvist 
2 , ^ 5 Maffei et ... ,995). This corre,a,io, and the we,, cashed linkage between 
« and insuhn resistance <Fe,ber and Goby, ,995). sugge.ed tha, ,ep,,n may mod- 
t J-reguUted response, indeed, ,t was recent, reposed tha, leptin reduced _ *-J 
the basa, and insulin-induced tyrosine-phosphorylation of the ms* recep o. ^str, , 
(BS.,) This effect of ieptin on ,KS-, phosphorylation was spe.fi, „« 
30 ^nlphospho^on of .he insulin receptor (*, was no, reduced (Cohen e, a,.. 

1996). 
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Tyrosine-phosphorylation of .RS, by ,he ,R kinase U a key step - the 
rec ep,or signaling cascade. leading to many of the known tnsulin activities <A*e a , . 

and Kah„, ,995; Myers e, a,.. ,9,4; Myers e, al, .*4; Myers and W h ,,^ 
Rose e, a, 1W Tamemoto e. a,.. .994; White and Kahn, ,994). Downstream s,gn I ng 
£ is mediated » severa, associated proteins, one of which is the Crowth,ac,o, 
Receptor-associated Binding pro,ei-2 (GRB2) (Cheatham and Kahn. 1995) 

The in* receptor (I R) is regarded as a metabolic receptor, medtatmg the effects of 
te u,i n on glucose homeostasis. As ,ch i, ,s pressed on terminally ~ ^ 
^h as adipose tissue, river and muscle. However, man, stud, have shown * R *a 
potent mitogen* receptor in vitro and in vivo when expressed ,n tumor cell. For ns. nee, 
I In, I were identified in severa, breast cancer cel, lines, as determm. y 
tyrosine-phosphorylation of the IR in response ,„ insulin treatment. Furthermore, ,h m 
mediates a m„o g e„ic response in these ce„s. as detenhined by W^dtne mcorporatton 
(Milazzoetal., 1997; Millazzoetal, 1992). 

' Heretofore there has not been described the use of ,eptin in the field o, oncology . - 
proliferation of cells, especially proliferating cancer cells. 

SffiIfi! ^-^^^ to pro.de for the use of leptin as an ,nh,b,tor of 
ce „ proliferation for example, to use leptin as an inhibitor of the proliferation of career * 

a is another aim of the invention to pro.de for the use of leptm alone o, . 
oomhination with other therapeutic a g en,s for the treatment of various malice- 

„ is a iurther object of the present invention to provide for the use of lep.m, , pttn 
S iusion proteins, leptin muteins, leptin receptor a g onis,s, active fragments or fractions of an, 
; iusiuii v r ,i,„.„r salts of any one thereof, and 

one thereof, active analogs or derivattves of any one thereof, salts y 
mixturesofanythereof,forthetreatmentofvariousmalignancies. 

„ is ye. another object of the present invention to prov.de ******* 
composes conning one or more of ,he above ,ep.in, leptin fusion proteins, ep m 
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analogs o, derives of any one .hereof, and salts of any one .hereof, for ,he .reatmen, of 

various malignancies. 

Other objects of the present invention wil, be se, forth herein beiow or w„l be read.ly 

apparent from the following disclosure. 

The present invention provides the use of leptin as an inhibitor of ce„ P rohfera.,o„. 
Up.in may he use*,, ei,her alone or in combinauon with other therap^tic agents or 
approaches, for the treatment of various malignancies. A preferred emboAmen, of .he 
i„ven,i„n is the use of leptin for the inhibition of human breast carcinoma cel, prohferatron 
The proliferation of many types of tumor cells is increased in the presence of various grow* 
, factors such as insulin and IGF-!. The growth stimulatory effect of insulin and ,GF-I or. cells 
is mediated, a, leas, in par,, via the IRS-1/GRB2 pathway (Myers e, a,.. .9,3,. T ,s pathway 
is inhibit by lepun. Furthermore, fRS-1 is a suhs,r,,e of recepror kinases o a d, onal 
growm facors and cytokines, inc.uding IL-4 and ^ (Pernis e, a,., 1995; V,n e, a ,995, 
Yin « al 1994) Therefore, lep,in may inhibit the mi.ogenic responses of some or all of the 
, aforemenhoned growth factors and cytokines, as well as other growth factor, .here* 
" inhibiting ,he proliferanon of a varied of ,umor cells. Examples proved mclude ,nh,b,,,on of 
, he .GF-I-induced proliferation and insulin-induced proliferation of the human breast cancer 
cell lines T-47D and MCF7. The present invention also provides the use of lepun, leptm 
fusion proteins, leptin muteins, leptin receptor agonists, or active fragments or fracons of 
2 „ any one thereof, and s* of any one thereof as we,, as pharmaceutical composes 
containing ,ep,in, ,ep,in fusion pro.eins, ,ep,in muteins. ,ep,i„ receptor agonrsts ac ve 
fragment fractions of „ one thereof, or s„s of an, one thereof for the treatment of 

various malignancies. ^wt^H 
More specifically ,he presen, inven,io„ provides the use of an ac.,ve agent selected 
2 5 from ,he group consisting of leptin, leptin fusion proteins, ,ep,in mu.eins, ,ep,in receptor 
agonis,s, alive fra^ents or fracions of any one .hereof, acive a„a,ogs or derives o, an 

proliferation. 

Embodiments of ,he above aspect of the presen, invention include : 

(i) the use of the above active agent as an inhibitor of cel. prolifera,ion for ,he 

treatment of malignancies in mammals. 
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(ii) the use of the above active agent as an inhibitor of growth-factor 

dependent tumors. 

(hi) the use of the above active agent as an inhibitor of human breast 

carcinoma cell proliferation. 
5 (iv) the use of the above active agent for the treatment of human breast 

carcinomas. 

(v) the use of the above active agent as an inhibitor of the growth stimulatory 
effect of insulin and IGF-I on tumor cells, as mediated, at least partially, by the insulin 
receptor substrat e -l(IRS-l)/growth-factor receptor-associated binding protem-2 (GRB2) 

--10 pathway. 

3 (vi) the use of the above active agent as an inhibitor of the mitogenic responses 

n i„ tumor cells to one or more receptor kinases, growth factors and cytokines of the group 
K consisting of IL-4 and IL-9, for all of which IRS-1 is a substrate, for the treatment of tumors. 
3 ( Vii ) the use of the above active agent as an inhibitor of basal, IGF-I-.nduced 

MS and insulin-induced tumor cell proliferation for the treatment of human breast cancers. 
! (viii) the use of the above active agent wherein said active ingredient is leptm, 

^ and said leptin is used as said inhibitor or for said treatment. 

n Lik ewise the present invention also provides for an active agent selected from the 

13 group consisting of leptin, leptin fusion proteins, leptin muteins, leptin receptor agonists, 
20 active fragments or fractions of any one thereof, active analog, or derivatives of any one 
thereof, salts of any one thereof, and mixtures of any thereof, for use in the preparaUon of a 
medicament for the inhibition of tumor cell proliferation. 

Embodiments of this aspect of the invention include 

(i) an active agent as above for use in the preparation of a medicament for the 

25 treatment of malignancies in mammals. 

(ii) an active agent as above for use in the preparation of a medicament for the 

inhibition of growth-factor-dependent tumors. 

(iii) an active agent as above for use in the preparation of a medicament for the 
inhibition of human breast carcinoma cell proliferation. 

(iv) an active agent as above for use in the preparation of a medicament, for the 



30 



treatment of human breast carcinomas. 
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(v) an active agent as above for use in the preparation of a medicament for 
the inhibition of the growth stimulatory effect of IGF-I and insulin on tumor cells, as 

mediated, at least partially, by the IRS-1/GRB2 pathway. 

(vi) an active agent as above for use in the preparation of a medicament for the 
, inhibition of the mitogenic responses in tumor ceils to one or more receptor kinases, growth 

factors and cytokines of the group consisting of IGF-I, IL-4 and IL-9, for all of which IRS-1 
is a substrate, for the treatment of tumors. 

(vii) an active agent as above for use in the preparation of a medicament for 
the inhibition of basal, IGF-I-induced and insulin-induced tumor cell proliferation, for the 

HO treatment of human breast cancers. 

8 (viii) an active agent as above wherein said active agent is leptin, and sa,d 

5 leptin is used for the preparation of said medicament. 

ii Similarly, in another aspect, the present invention provides a pharmaceuUcal 

fl composition comprising as active ingredient an active agent as noted above and a 
; ;; 5 pharmaceutical* acceptable carrier, diluent or excipient, for the inhibition of tumor cell 
fjj proliferation. 

SH Embodiments of this aspect of the invention include : 

I (i) a pharmaceutical composition for the treatment of malignances m 

(ii) a pharmaceutical composition for the inhibition of growth-factor-dependent 



mammals. 



tumors. 



(in) a pharmaceutical composition for the inhibition of human breast carcinoma 
cell proliferation and thereby for the treatment of human breast carcinoma. 

(iv) a pharmaceutical composition for the inhibition of the, growth stimulatory 
25 effect of IGF-I and insulin on tumor cells, as mediated, at least partially, by the IRS-1/GRB2 

pathway. 

(v) a pharmaceutical composition for the inhibition of mitogen* responses tn 
tumor cells to one or more receptor kinases, growth factors and cytokines of the group 
consisting of IL-4 and IL-9, for all of which KS-. is a substrate, and thereby for the 

3 0 treatment of tumors. 



(vi) a pharmaceutical composition for ,he inhibition of basal. IGF-I-induced 
and insulin-induced tumor cel, proliferation and thereby for the treatment of human breast 

cancers. j- * • 

(vii) a pharmaceutical composition wherein said acttve mgred™. ,s leptm. 

The present invention also provides fo, a method for treating tumors in mammals or 
' for inhibiting tumor ceil proliferation in mammals comprising administering to , , patten, a 
nharmaceutical composition according to the invention as noted above in a suttab e osag 
fcrrn and by a suit* route of administration. Such dosage forms and routes of 
administration are usualiy determined by the professional practitioners followmg thetr 
:H0 examination of the patient. 

I Other aspects and embodiments of the present invention are set forth or will be readily 

| apparent from the following detailed description of the invention. 
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DF^rTrTPTT™ 1 nF T " y FIGURES 

- gurelshowsthe dependence of T-47D cell proliferation on insulin as determtned by 

MTT staining. 

Figure 2 shows the dependence of T-47D cell proliferation on IGF-. as determined by 

MTT staining. 

Figure 3 shows the inhibition of insulin-mduced T-47D cell proliferation in 10'/. fetal 
bovine serum (FBS) by murine leptin as determined by MTT staining. 

Figure 4 shows the inhibition of insulin-induced T-47D cell proliferation in 2% FBS by 
25 murine leptin as determined by crystal violet staining. 

• u uv r>f TfrF T induced T-47D cell proliferation in 10% FBS 
Figure 5 shows the inhibition of IGF-l-inoucea 

by murine leptin as determined by MTT staining. 
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.... - irP x in(1uce d T-47D cell proliferation in 2% FBS 
Figure 6 shows the inhibition of IGF-I-mduced 

by murine leptin as detennined by crystal violet staining. 

• ..-u v f irF T induced T-47D cell proliferation in 2% FBS by 
Figure 7 shows the inhibition of IGF-I-mducea 

5 human leptin as determined by crystal violet staining. 

Figure S shows the inhibition of -n-induced MCF7 cell proliferation m se.m-.ee 
by murine leptin as determined by crystal violet staining. 

Figure 9 shows the inhibition of IGF-I-induced MCF7 eel, proliferation in sendee 
by murine leptin as determined by crystal violet stammg. 
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1 » present invent concerns «he ° may be 

& poifciakn. » cd. lines of human on.n, de ved * m ' 

i ; — — 

concentration of about lu/o oy ^ significantly 

The results of ,he ce,l culture -P— be usefc , fcr , te 

25 treatment of various malignancies. , „„,„„„ is used for the inhibition of 

ln a referred embodiment of the present £ ^ 
b,east cancer cel, probation. When ,ep„n rs added to cultures - ^-^^ 

HTB 133), their extent of proliferate is reduced. Similarly, w 



o 

Tvnp Culture Collection, 
cells (American Type uwuic 

R „c k v*. MD ; strain Na ATCC MB U of W7D and 

MCF7 c*. Hence, ^ may be usefu spec <ic* < ^ ^ „ , east in part . 

* — — ' ~° , asso-on oms-, - «. 
via w „ ste ° f ^ ic effect otleptin may - from * -y 

Uading to a ri.oge.ic respond The an « g ptep „ory,a.,on of 

t0 reduce the basai. the insuhn-induced » * ^ „ . ^ of 

, ^tor Knases of other g ro-h J ^ ^ ^ mitogM ,o response 

1995; Yin e. al.. 1995; Y,n e. al.. 1994). ^ ^ ^ m , t06ens . 

of som e or all of the aforementioned 

The present invents further relates ^ ^ ^ fr ac(lons 

15 foion p ro,eins, leptin muteins, gaining lepti, *» 

20 ' thearinoacidresiduesarereplac^, * ^ ^ ^ ^ 

more amino acid residues are add* » * «. ^ ^ , ype , epti „ or ta 

oonsider* the activity ofthe resumng P<° « " > ^ ^is -or b, 
active fragments or fraction, These ^^^^ 
. ofam.no acids suKcienfy duplicative of 

Any such nrntem prererably has a sec, ^ Q , 

^ions. Thus, it can be detern- * « - ^ « h . m ,e, 

a ctivity as Mn by — * «— wfc „ blocks «„ proliferation ret« 



thus has substantially similar activity thereto. 
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,„ a preferred embodiment, any such mu.ein has a. leas. 40% identity or homology 
with the sequence of one of the leptin, More preferably, it has a. least 50%, a, leas, 60%, a, 
least 70% a. least 80% or, most preferably, at leas, 90% identity or homology thereto. 

Mu,eins of lep,in or i,s active fragments or tractions which can be used in accordance 
with the present invention, or nucleic acid coding therefor, include a finite se, of substantially 
corresponding sequences as substitution peptides or polynucleotides which can be routtne y 
obtained by one of ordinary skil) in the art, without undue experimentation, based on the 
teachings and guidance presented herein. For a detailed descrip,ion of pro.ein chemtstry and 
structure, see Schulz, G.E. e. aL ft*** of Pro*,* Secure, Springer-Verlag, New 
York 1978 and Creighton, T.E.. ProUm, Sm,c,„re and Motecular Proper,™. W.H. 
Freeman & Co., San Francisco, 1983, which are hereby incorporated by reference. For a 
presentation of nucleotide sequence substitutions, such as codon preferences, see Ausubel e, 
A s V ra, a. S§ A.U-A.,24, and Sambrook e, al. Q^ Protocols in Molecuto -Btto 
Interscience NY. §§6.3 and 6.4 (1987. 1992). at Appendices C and D. 

P^changes for muteins in accordance with the present invention are what are 
known as -conservative" substitutions. Conservative amino acid substitutions of leptm 
polypeptides or proteins or its active fragments or fractions may include synonymous amrno 
acids within a group which have sufficiently similar physicochemical propert.es , ha, 
subs.to.ion beween members of the group will preserve the biological function of the 
molecule, Oran«ham. Sste. Vol. .85, pp. 862-864 (.974). It is clear tha, insertions and 
deletions of amino acids may also be made in .he above-defined sequences wi.h„u. al.enng 
their function, particularly if the insertions or deletions only involve a few amino acids, e.g., 
under thirty, and preferably under tea and do no, remove or displace amino acids vvhtch are 
critical ,o a func.ion.1 conformation, e.g., cysteine residues. Anfinsen, -Principles Tha 
Govern The Folding of Pro,ei„ Chains-, Vol. .8., PP- 223-230 (,973). Pro.ei„s and 

muieins produced by such deletions and/or insertions come wi.hin the purview of the present 

invention. . 

Preferably, the synonymous amino acid groups are those defined ,n Table I. More 

preferably, ,hc synonymous amino acid groups are those defined in Table II; and mos. 

I preferably the synonymous amino acid groups are .hose defined in Table III. 
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TABLE I Preferred Groups of Synonymous Amino 



Amino Acid 


Synonymous Group 


Ser 


Ser, Thr, Gly, Asn 


Arg 


Arg, Gin, Lys, Glu, His 


Leu 


He, Phe, Tyr, Met, Val, Leu 


Pro 


Gly, Ala, Thr, Pro 


Thr 


Pro, Ser, Ala, Gly, His, Gin, Thr 


Ala 


Gly, Thr, Pro, Ala 


Val 


Met, Tyr, Phe, He, Leu, val 


Gly 


Ala, Thr, Pro, Ser, Gly 


He 


Met, Tyr, Phe, Val, Leu, He 


Phe 


Trp, Met, Tyr, He, Val, Leu, Phe 


Tyr 


Trp, Met, Phe, He, Val, Leu, Tyr 


Cys 


Ser, Thr, Cys 


His 


Glu, Lys, Gin, Thr, Arg, His 


Gin 


Glu, Lys, Asn, His, lnr, Arg, uin 


Asn 


Gin, Asp, Ser, Asn 


Lys 


Glu, Gin, His, Arg, Lys 


Asp 


Glu, Asn, Asp 


Glu 


Asp, Lys, Asn, Gin, His, Arg, Glu 


Met 


Phe, He, Val, Leu, Met 


Trp 


Trp 
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TABLE II More Preferred Groups of Synonymous Amino Acids 


Amino Acid 


Synonymous Group 


Ser 


Car- 

ser 


5 Arg 


His, Lys, Arg 


Leu 


Leu, He, Phe, Met 


Pro 


Ala, Pro 


Thr 


Thr 


Ala 


Pro, Ala 


l|o Val 


Val, Met, He 


I Gly 


Gly 


y He 


He, Met, Phe, Val, Leu 


Q Phe 


Met, lyr, lie, i^eu, rue 


Z Tyr 


Phe, Tyr 


jib c y s 


Cys, Ser 


[U His 


His, Gin, Arg 


O Gin 


Glu, Gin, His 


M Asn 


Asp, Asn 


Lys 


Lys, Arg 


20 Asp 


Asp, Asn 


Glu 


Glu, Gin 


Met 


Met, Phe, He, Val, Lei 


Trp 


Trp 
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TABLEHI Most Preferred Groups of Synonymous Amino Acids 





Amino Acid 


Synonymous Group 




Ser 


Ser 




Arg 


Arg 


5 


Leu 


Leu, He, Met 




Pro 


Pro 




Thr 


Thr 




Ala 


Ala 




Val 


Val 


P 

3o 


Gly 


Gly 




He 


He, Met, Leu 


V? 


Phe 


Phe 




Tyr 


Tyr 




Cys 


Cys, Ser 


IS 5 


His 


His 




Gin 


Gin 




Asn 


Asn 




Lys 


Lys 




Asp 


Asp 


20 


Glu 


Glu 




Met 


Met, He, Leu 




Trp 


Met 
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Examples of production of amino acid substitutions in proteins which can be 
used for obtaining muteins of leptin or its active fractions for use in the — 

4 5 8 8 ,85 and 4,737.462, to Mark e, a.; 5.116,943 ,o Kotbs et a... 4.965.195 ,0 Namen e, * 

' ' . a <m-7*oi tn Lee et al and lysine substituted proteins 

4,879,111 to Chong et al; and 5,017,691 to Lee ex <u, 3 

presented in US patent No, 4,904,584 (Shaw etal). , 

to another preferred embodiment of the present invention, any mutein of leptm or , s 
active fractions for use in the present invention has an amino acid sequence essenUally 
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corresponding ,o ,ha, of leptin. The term "essentially corresponding to" is intended to 
comprehend proteins with minor changes to the sequence of the natural protein which do no. 
affect the basic characteristics of the natural proteins, particularly insofar as its *l« to 
inhibit cel. proliferation is concerned. The type of changes which are general* considered to 
fall within the "essentially corresponding to" language are those which would result from 
conventional mutagenesis techniques of the DNA encoding leptin. resulting in a few mtnor 
modifications, and screening for the desired activity in the manner discussed above. 

Muteins in accordance with the present invention include proteins encoded by 
a nucleic acid, such as DNA or RNA, which hybridizes to DNA or RNA which encodes lepttn 
, in accordance with the present invention, under stringent conditions. Such nucleic acid wou d 
be a prime candidate to determine whether i, encodes a polypeptide which retains the 
functional activity of leptin of the present invention. The term 'stringent conditions" refers to 
hybridization and subsequent washing conditions which those of ordinal skill . the «t 
conventionally refer to as "stringent" See Ausube, e, a,., Ql r m ,2mo^MM S ^ ! !K 
5 Bicte supia, InMSTiMLNX. 8S6.3 and 6.4 (1987, 1992), and Sambrook et al„ mm- 
Without limitation, examples of stringent conditions include washing conditions 12-20'C 
below the calculated Tm of the hybrid under stud, in. e.g., 2 x SSC and 0.5% SDS for 5 
minutes, 2 x SSC and 0.1* SDS for .5 minutes; 0, x SSC and 0.5% SDS a, 37T for 30-60 
rrunutes and then a 0.1 x SSC and 0.5% SDS a, 6TC for 30-60 minutes. Those of ordtnan- 
20 ski,, in this art understand tha, stringency conditions a,so depend on the length of the DNA 
sequences, oligonucleotide probes (such as 10-40 bases) or mixed oligonucleotide probe, If 
mixed probes are used, it is preferable to use tetramethyl ammonium chloride (TMAC) tnstead 
of SSC. See Ausubel supra. 

The term "leptin fusion proteins" or simply "fused protein" refers to a 
25 polypeptide comprising leptin or its active fractions or a mutein thereof, fcsed with another 
protein which, e.g., has an extended residence time in body fluids. Leptin or its acve 
fractions may thus be fused to another protein, polypeptide or the like. 

The term "salts" herein refers to both salts of carboxyl groups and to acid addition 
salts of amino groups of ieptm, its active fractions, muteins, or leptin lusion proteins thereof 
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S„,s of a carboxyl group may be formed by means Known in ,he ar, and include inorgamc 
sahs for example, sodium, calcium, ammonium, ferric or 2 inc salts, and .he like, and sales 
„i,h organic bases as .hose formed, for example, with amines, such as trie,ha,olam,ne, 
arginine or lysine, piperidine. procaine and .he like. Acid addition sal.s include, for example, 
; salts wi.h mineral acids such as. for example. hydrochloric acid or sulfuric acid, and salts w,.h 
organic acids such a, for example, acetic acid or oxalic acid. Of course, any such sahs must 
have substantially similar activity to leptin or its active fractions. 

■Functional derivatives" as used herein cover derivatives of leptin or its active 
fragments or fractions and its muteins and leptin fusion proteins, which may be prepared from 
0 the functional groups which occur as side chains on the residues or the N- or C-.enmnal 
„„»ps. by means known in the art. and are included in the invention as long as they remam 
pharmaceutical!, acceptable, i.e. they do not destroy the activity of the protein which ,s 
substantially similar to the activity of leptin. and do not confer toxic properties on 
compositions containing it. These derivatives may, for example, include polyethylene glycol 
,5 side-chains which may mask antigenic sites and extend the residence of leptin or its active 
fractions in body fluids. Other derivatives include aliphatic esters of the carboxyl groups, 
" amides of the carboxyl groups by reaction with ammonia or with primary or secondary 
! amines N-acyl derivatives of free amino groups of the amino acid residues formed w,«h acyl 
moieties (e.g. alkanoyl or carbocyclic aroyl groups) or O-acyl derivatives of free hydroxy! 
20 groups (for example that of seryl or threonyl residues) formed with acyl mo,e.,es. 

As -active fragments or fractions" of leptin. leptin muteins and leptin fuston protems. 
the present invention covers any fragment or precursors of the polypeptide chain of leptin, or 
fused proteins containing any such fragment of leptin, alone or together with assocated 
molecules or residues linked thereto, e.g., sugar or phosphate residues, or aggregates of any 
25 of the above derivatives, provided said fraction has substantially simiiar activity to leptm. 

The present invention further relates to use of natural and synthetic agonists of the 
leptin receptor, which are essentially similar ,0 leptin in their ability to inhibit cell prolifera.ro,, 
Such agomsts may be se,ec.ed from a librae of pep.ides. a library of peptide analogs or a 
random library of orgamc molecules. Selector, is done by means known in .he art. essentially 
30 by the ability of the selected agonists to bind to the leptin receptor. For example, a tor, of 
random peptides may be prepared as prokayotic expression plasmids canying a DNA codmg 
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for a random pep* fused .0 a carrier protein. Another examp,e is a phage disp,ay system 
in which the expression system is a phage containing DNA coding for a random pept.de an 
incorporated into one of the externa, phage protein, Phages coding for fcsed pept.de ago„,s s 
or antagonists are isoiated from the phage horary by e.g., panning over surfaces coated w, 
,„e ,eptin receptor. Bound phages are isoiated and then amp.if.ed in bacteria. Severa, rounds 
of panning - amotion are usuany required in order to ob,a,n phages express tad 
prides tha, have high affinity for the teptin receptor. The isoiated phage ,s then arm*d 
an the sequence of DNA coding for the peptide is determined. Mernatively. random pept.de 
libra „es or Hbraries of other moiecutes are prepared by soiid phase syn,hes,s on po,y™« 
be ads by means known in the art. Beads caring a peptide or other mo.ecu e hav.ng affi 
for the eptin receptor are se,ec,ed from the .ibrary, e.g., by binding of iabeied .eptm 
e g fruorescentty .abe,ed .eptin receptor. Positive beads are then picked up and the structure 
of me peptide or other mo.ecuie present on the bead is determined. ,f the bead carr.es a 
peptide the peptide sequence is determined by protein sequence anaiysis. f the bead ,s 
, eresentative ofa random ,ib W of organic moiecutes then the mo.ecuie , Ceaved from he 
' Jad and its structure is determined by means known in the art, such as mass spec rom fry 
nuCear magnettc resonance and the >ike. Candidate peptides ide„,if,ed by therr affinrty for £ 
, epti » receptor are then fcrther seiected by their abiiity to inhibit cei, prohferatton ,n the 

aforementioned manner. 

Accordmgty, leptin, its active fractions, teptin muteins, Uptin fus.o„ protem, 
receptor agonists and their s*. — derivatives, and active fragments or fract.ons 
TerL ar! indicated for the treatment of various maiignancies. preferabiy for growth 
factor-dependent tumors and more preferably for breast carcinomas. 

tie present invention tether reia.es to use of ph— c, coupons 
25 comprising a pharmaceutic* acceptabie carrier and ieptin of the invention or its ac„ve 
TIL, Led proteins, ieptin receptor agomsts and their saits, tunctiona, d_ or 

active fractions thereof. . . 

Tne pharmaceutica, compositions of the invention are prepared for admn— by 
mixing ieptin or its derivatives, or ieptin receptor agonists with physioiogicaUy accede 
30 earners, and/or stabler* and/or excipients, and prepared ,n dosage form, e.g. by 
, y0 p hfa ,ion in dosage via,, The method of adminrstration can be vra any of the accepted 
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m odes of administration for similar agents and will depend on the condition to be treated, e.g. 
intravenous*, intramuscularly, subcutaneous!,, by local injection or topical applicatton, or 
continuously b, infusion, etc. Tbe am OT n, of active compound to be administered will depen 
on the route of administration, the disease to be treated and the condition of the patient. Local 
injection, for instance, will require a lower amount of the protein on a body wetght basts than 
will intravenous infusion. Typical active amounts of leptin to be injected are 0.1-1000 
microgram^ body weigh, and preferably 1 to .0 micrograms/Kg. Active amounts of leptm 
derivatives and leptin receptor agonists may be essentially the same as those of leptm on a 
molar basis. 

Leptin may be administered ,0 cancer patients, e.g.. by injection, Cher alone or ,» 
combination with other therapeutic agents o, in combination with other therapeutic 

approaches. 



K.5 



20 



The invention 



will now be illustrated by the following non-limiting examples: 



fvampi.F, I: Pete* "*""*'"" n ^ f *H prolifrntion by MTT staining 



Reagents : 
MTT stock: 



(344,5-dimethyl^ bt °^ 5 ^ " 

phosphate-buffered saline. Stored at -20°C until used. 
Cone. HC1 (450 microliters) in 2-propanol (100 ml). 



Solvent: 

Procedure: , 
Grow cells in 96 well plates in the presence of various growth sttmulants and growth 

inhibitor, At a destred time add MTT s,oc k (10 microliters) to each we. Innate 2 

hours at 37°C Aspirate supernatant with vacuum using a fine gauge needle. Add Solvent (100 

25 microliters) and read the absorbance with a microplate reader using a 570 m filter with 

background subtraction at 630 nm. 



-^ wce Usin96»e«pW h , de (40 m ter , dned 

incubated for ^ 

630nm A tT 4TB^^^ 

, Hu>»» °* l T!„ t0 96 well ftat* »' * „* »« I*** 9 * 

% t he extent of ceU P 

— ^ k Th1 - ^ °< - - ,h : 
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j * n°C in 5% C°2 for 
, • ^Plates were incubated at 37 C in 3/ 

infeKd concerns of munnelept. * „ meM ± standard error (SB. 

„ - plates (0, - P- " * I, „ ere „ea,ed - — <» 

^plemented wi* 2%FBS - after murine leptin in DMEM-2% FBS. TKP- 

0 violet. The data are mean ± SE, in- 

; inM ,i»-induc«dcellH.f».»"^- re4) 

1 umH^^^ ^T^ed with 10% FBS were seeded into 

8 indicted concentrations of murtne le «m. ™ „ 4 standard error (SE, 

l - - The -rj^^--* - «**— - pr * ra,,on 

^ n=8) . The results show that leptin 

« a ;th 10% FBS were seeded into 

* „ we,, P.- (0-. - P« /* "Irl.eretteated-^-H.On^,. 
Rented with » FBS and after one da *e ^ The p , at 

„ere inc-ed a, 3 rC in * , ^ -S, The results show that leptin inntotted 
• , . The data are mean ± standard error (SE. »)• 

X-47D cells (3x10 s eells/ml) in D^^ ^ medium was replaced by DMEM 

96 pi- <M - P- «* **• ^ l:;, s were treated - «H <» 
cemented with » FBS and after one da ~ ^ The pla 

30 - - - — ~ 

were incubated at j 
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, , «r rSE n=8) The results show that leptin inhibited 
violet. The data are mean standard error (SE,n 8). 

significantly the IGF-I-induced cell proliferation (Figure 7). 

. . j i TUPF7 rrll nH ifrration h V leptijI 

MCT7 cells pxlO' cells/ml. American Type Cutae 
„ um a„ « ^ ^ 6% reS we, 

Collection. RocWle, MD; s.rain No. ATCC H ) ^ ^ fcy 

seron , & ee DMEM and after one day the cells ^ ^ 

^ * i— concent of »nne ^ ^ 

- — • « : ; z - ~ — — - 

violet. The data are mean ± SE, (n *). 
insulin-induced cell proliferation (Figure 8). 

rx A] v f PT F * Tnhibitjon_o O GF - T - intluce ^ 

^MCF7 cells in DMEM supplemented wnh 10% FBS 

Human breast adenocarcmoma MCF7 ^.^ 

were seeded into « well plates ce«s^ 1 IGF-I (50 

was replaced by a serum-free medrom. After one day th ^ ^ 
ng/ml)wt horw : thoutthe^ 

ThePlatesweremcubatedat 3 7Cm5/ ^ ^ ^ 

crystal violet. The data are mean ± SE, (n-8). 
significantly the insulin-induced cell proUferation (F.gure 9). 
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